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In the early days of cardiac catheterisation the pressure gradient was the main criterion for the estimation of the severity ofvalve stenosis. The gradient alone, however, is not a true reflection of stenosis since it is heavily dependent on the cardiac output and heart rate. Thus its use can lead to gross errors in the diagnosis of those severe Although the validity of catheter data has largely been accepted without question it is apparent that the assumptions which underpin correlative studies are not true. The components of the so-called gold standard are themselves not made of gold and the quality of the standard must vary both between and within centres. Despite these limitations cardiac catheterisation has been central to the increasing understanding of the pathophysiology of cardiovascular disease, and by serving as a reasonably reliable reference has spurred improvements in cardiac surgery and the interpretation of physical signs. Cardiac catheterisation is however expensive, time consuming, and sometimes dangerous,8 and therefore as non-invasive techniques have improved the focus has shifted to their use in assessing valve stenosis. These techniques usually evoke an initial enthusiasm that is followed by disappointment until some middle ground is found between these extremes.
Echocardiography is the most useful and thoroughly investigated of the non-invasive techniques. Early work on mitral stenosis examined particular variables in relation to findings at cardiac catheterisation or operation, and indices of severity such as the diastolic closure rate,9 mitral valve closure index,I0 and changes in left ventricular 118 dimensions" 1 were derived. These indices went through the usual sequence of evaluation and detailed study"3 and were often the subject of acrimonious debate. In some eyes these and other studies like them confirmed the echocardiogram as' a potential replacement for cardiac catheterisation,14 but others believe that the catheter laboratory is still the only source of accurate information."1 It was not clear how often the echocardiogram provided information not available from the clinical examination and simple tests (such as the electrocardiogram and chest x ray) and made a contribution to decisions about operation without catheterisation. This is important because as non-invasive techniques proliferate there is a tendency for patients to undergo an increasing number of investigations before the inevitable ritual of catheterisation. One approach has been to simulate the diagnostic cascade.16 -18 It is estimated that about 70% ofpatients investigated for valve surgery may not need catheterisation because mild and severe disease could be accurately defined non-invasively. These studies also highlighted some of the difficulties such as the tendency for the echocardiogram to overestimate aortic stenois18 and the limitations of echocardiographic assessment of moderately severe mixed or multiple lesions. This latter category has proved the most difficult to assess by any of the current techniques including catheterisation because the definition of this group is still largely subjective. 18 Along with developments in non-invasive cardiology has grown the inclination to derive new equations that aim to improve assessment by incorporating several variables in much the same way as the Gorlin formula. Such equations are based on the assumption of a precise, usually linear, relation between two or more physiological variables in a patient population. These relations may be applicable to group data, but there is a normal distribution ofboth physiological variables and their responses to other stimuli that may introduce doubt about applying them to individual patients. Such equations are often an oversimplification of the complex interplay of these physiological and statistical considerations. Bennett's formula which is one such equation19 assumes that since left ventricular wall stress is directly related to intracavitary pressure the degree of adaptive hypertrophy required to normalise this stress can be used to calculate the left ventricular systolic pressure. On page 155 of this issue Dancy has re-examined Bennett's formula for the estimation of the peak pressure gradient in aortic stenosis and has arrived at two main conclusions.20
The first obvious but often neglected point is that the quality of the echocardiogram is of paramount importance. In the 42% of Dancy's adult patients Odemuyiwa, Hall who had very high quality echocardiograms the severity of aortic stenosis correlated more strongly with direct measurements of left ventricular wall thickness than with left ventricular mass or pressure derived from Bennett's equation. Echocardiograms of less than this quality were no better than the electrocardiograms in assessing aortic stenosis and their value for predicting the severity of aortic stenosis was not improved by use of the Bennett formula. The second conclusion emphasises the fact that small errors even in the most careful measurements can be magnified several fold if variables are derived from formulas containing complex mathematical functions. A difference of as little as 1 mm in left ventricular dimensions changed calculated left ventricular pressure by 20 mm Hg.
Dancy's work highlights some of the basic dilemmas encountered when mediocre non-invasive data are compared with inaccurate catheter or surgical data. Image quality is relatively easy to define; less definite but probably as important are the skill, care, and experience that among other imponderables constitute the "quality" of noninvasive and catheter data. The weakness of correlative studies that include such data is therefore obvious. These studies often use independent observers to reduce bias but then reintroduce inconsistency in settling differences of opinion by the doubtful concept of consensus. This may provide coefficients of variation which are sound in scientific terms for group data but are probably of little relevance to the clinician and the individual patient. It follows that most of the assumptions about accuracy are illusory. In making decisions the clinician needs to know how much value to place on a particular measurement and therefore it is the 95 % confidence limits that are important. A variable with a relatively narrow confidence limit is more useful in distinguishing normal values from abnormal ones and in grading severity of disease than one with wider limits. One way of establishing these limits is to study the reproducibility of these measurements21 22 and echocardiography is ideal in this respect because it can be repeated many times without risk to the patients. Doppler echocardiography also needs to be studied in this way as it is still in its excellent correlative phase23 24 and its limitations are yet to be established. The reproducibility of the catheter data against which non-invasive data are compared has been virtually unchallenged because the technique does not lend itself to this approach. Reproducibility studies will need to be performed in each centre and reviewed as experience is gained in using the technique. The emphasis must be on striving for high quality images and poor data should be discarded.
More studies simulating the diagnostic cascade are
